Background {#s1}
==========

In comparison with older individuals, young stroke pathogenesis is more pleomorphic, with a higher representation of uncommon causes such as dissections, cardiac arrhythmia and thrombophilia.[@R1] These aetiological differences often necessitate additional investigations, including complex thrombophilia screening, but the utility of extensive thrombophilia work-up in young patients with stroke and transient ischaemic attack (TIA) is not established.

Thrombophilias are broadly defined as inherited or acquired coagulation disorders predisposing to thrombosis.[@R3] Antithrombin (AT), protein C and S deficiency, factor V Leiden (FVL) and factor II mutations are rare inherited thrombophilias associated with an increased risk of venous thrombosis, but their relation to arterial ischaemic stroke and TIA is less well established.[@R5] Accurate diagnosis and clinical relevance of AT, protein C and S deficiency to acute stroke are quite complex, since assays are usually influenced by active illness, concurrent medical conditions, and medications such as oral contraception and anticoagulation.[@R17] Hence, repeat testing is recommended in order to distinguish false-positive diagnoses from genuine AT, protein C and protein S deficiencies.[@R25]

Antiphospholipid syndrome is an autoimmune thrombophilia characterised by recurrent arterial or venous thrombosis and/or pregnancy morbidity, and presence of persistent antiphospholipid antibodies (APA).[@R26] A large prospective study showed that antiphospholipid syndrome manifests as stroke and TIA in 2.4% and 2.3% of cases, retrospectively.[@R27] There are three types of APA with different phospholipid binding sites: lupus anticoagulant (LA), anticardiolipin antibody (ACL) of IgG or IgM subtype, and anti-β2 glycoprotein 1 (anti-β2GPI) of IgG or IgM subtype. The interpretation of positive APA results in the context of arterial thrombosis requires careful consideration of antibody type, isotype and titre, in the individual clinical context.[@R26] Among APAs, the specificity for arterial thrombosis is higher for LA and anti-β2GPI.[@R28] In addition, among patients with thrombosis, the highest risk of recurrence is the relatively small cohort positive for triple APA.[@R32] Since APA can be transiently positive after acute illness, it is recommended to repeat it at least 3 months after stroke to distinguish definite antiphospholipid syndrome.[@R26] In our study, we evaluated acute stroke admissions potentially eligible for more intensive cholesterol treatment.

Thrombophilia testing in young patients with stroke often includes protein C, S and AT levels, genotyping for FVL and prothrombin G20210A mutation (PGM), and APA testing. This complex and costly testing is often routinely sent despite limited evidence linking hereditary thrombophilia to arterial thrombosis; moreover, in practice, only a small proportion of initial abnormal results are further followed up by appropriately timed repeat testing.

The present study aimed to determine our current practice of assessing positive thrombophilia testing in the context of young stroke and TIA.

Methods {#s2}
=======

We performed a retrospective evaluation of consecutive cases within a single regional hyperacute stroke unit and daily TIA clinic at University College London Hospital, the main referral centre for North Central London. We reviewed consecutive medical and laboratory records of all patients with acute ischaemic stroke (AIS), haemorrhagic stroke and TIA 60 years and under presenting to the service from 1 January 2015 to 1 August 2016. The standard thrombophilia panel included genotyping for FVL and PGM, AT activity, protein C and S antigen and activity, and APA testing.

APA testing was conducted for LA (using dilute Russell viper venom time and/or Taipan venom time methodology according to whether the patient was anticoagulated), ACL IgG/IgM and anti-β2GPI IgG/IgM (ELISA). Laboratory criteria for positive APA were considered in accordance with the Miyakis criteria, which include the following: (1) LA present; (2) ACL (either IgG or IgM) in medium or high titre, that is, \>40 GPL units or MPL units (defined as the cardiolipin-binding activity of 1 g/ml of affinity-purified IgG or IgM ACL), or \>99th centile; and (3) anti-β2GPI (IgG or IgM) in titre \>99th centile. ACLs with low titres were excluded.

In all those with initial positive thrombophilia testing (defined as homozygous or heterozygous FVL or PGM, presence of APA, low protein S, C and AT), clinical and laboratory records were reviewed by the stroke and haematology physicians for acquired causes, stroke characteristics and whether appropriate follow-up had been arranged. The Trial of ORG 10172 in Acute Stroke Treatment (TOAST) classification was used to subtype ischaemic stroke and the ABCD2 score was used for TIA risk assessment.

The estimated final costs for thrombophilia testing were based on the University College London Hospital NHS Trust's pathology pricing model at the time of the study, 1 January 2015--1 August 2016, and are outlined in online [supplementary table 1](#SP1){ref-type="supplementary-material"}.
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###### 

Baseline characteristics of thrombophilia screen-positive patients (n=50)

  -----------------------------------------------------------------------------------------------------------------------------
  Characteristics                       All (n=50)   Positive APA\   FVL/PGM genotype\   Protein C, S or AT deficiency (n=10)
                                                     (n=28)          (n=13)              
  ------------------------------------- ------------ --------------- ------------------- --------------------------------------
  Age, mean (SD), years                 49 (9.2)     50 (7)          50 (5)              49 (9)

  Male sex, n (%)                       28 (57)      18 (37)         7 (14)              4 (8)

  Hypertension, n (%)                   25 (51)      12 (24)         6 (12)              6 (12)

  Diabetes mellitus, n (%)              6 (12)       2 (4)           4 (8)               0

  Hyperlipidaemia, n (%)                11 (22)      5 (10)          3 (6)               3 (6)

  Smoking, n (%)                        18 (36)      12 (22)         3 (6)               3 (6)

  Peripheral vascular disease, n (%)    1 (2)        1 (2)           0                   0

  Previous stroke/TIA, n (%)            7 (14)       2 (4)           4 (8)               1 (2)

  Family history of stroke/IHD, n (%)   8 (16)       4 (8)           2 (4)               2 (4)

  History of VTE, n (%)                 1 (2)        1 (2)           1 (2)               0

  Ischaemic heart disease, n (%)        4 (8)        2 (4)           2 (4)               0

  Atrial fibrillation\*, n (%)          1 (2)        1 (2)           1 (2)               0

  Patent foramen ovale, n (%)           4† (8)       2 (4)           2 (4)               1 (2)

  Other cardiac disease, n (%)          3‡ (6)       3 (6)           0                   0

  History of cancer, n (%)              3 (6)        2 (4)           2 (4)               0
  -----------------------------------------------------------------------------------------------------------------------------

\*Atrial fibrillation detected by either 12-lead ECG or Holter.

†One case both with FVL mutation and raised APA.

‡Cases with metallic valve replacement and cardiomyopathy.

APA, antiphospholipid antibodies; AT, antithrombin; FVL, factor V Leiden; IHD, ischaemic heart disease; PGM, prothrombin G20210A mutation; TIA, transient ischaemic attack; VTE, venous thromboembolism.

Results {#s3}
=======

Six hundred and twenty-eight patients were ≤60 years: 383 (61%) AIS, 202 (32%) TIA and 43 (6.8%) haemorrhagic stroke. The mean age was 49.1 years (SD 9.2).

Three hundred and sixty (57%) patients had thrombophilia testing: 171 (40%) stroke and 189 (94%) TIA. Abnormal results were returned in 70 (19%) patients. Twenty were later excluded from this cohort on secondary screening, 17 with acquired protein C, S or AT deficiency, and 3 with negative confirmatory APA testing of initial positive APA ([figure 1](#F1){ref-type="fig"}).

![Outcome of thrombophilia testing for the whole cohort (A) and separated for TIA and stroke (B). APA, antiphospholipid antibody; AT, antithrombin; FVL, factor V Leiden; LFT, liver function test; PGM, prothrombin G20210A mutation; TIA, transient ischaemic attack.](svn-2018-000169f01){#F1}

A total of 50 (14%) patients, including 27 (8%) patients with positive APA, 13 (4%) homozygous or heterozygous for FVL or PGM, and 10 (3%) presumed genuine protein C, S or AT deficiency, were analysed: 36 (10%) AIS, 4 (1%) haemorrhagic stroke and 10 (3%) TIA. The median vascular risk factor of these 50 patients was 1 (IQR 0--5) ([table 1](#T1){ref-type="table"}). Of 50 patients with positive thrombophilia testing, 36 had AIS and 10 had TIA, 2 (4%) had carotid artery stenosis \>70%, 6 (13%) had lacunar syndrome, 14 (30%) were cardioembolic, 4 (9%) had vertebral or internal carotid artery dissection and 20 (43%) had other determined aetiology.

![Outcome of antiphospholipid antibody testing-positive cohort. APA, antiphospholipid antibody; APS, antiphospholipid syndrome; SLE, systemic lupus erythematosus.](svn-2018-000169f02){#F2}

Twenty-four of 243 patients (9.9%) \<50 years were thrombophilia testing-positive. There was no significant difference in those \<50 years vs 51--60 years (p=0.15).

Of 27 (8%) positive for an APA, 20 (6%) were single antibody-positive, 5 (1%) double antibody-positive and 2 (0.6%) triple antibody-positive ([figure 2](#F2){ref-type="fig"}). Four patients who were on anticoagulation therapy were included, although APA was not repeated after stopping anticoagulation and false positivity could not be confirmed. Three cases with medical history of systemic lupus erythematosus (SLE) and antiphospholipid syndrome were also on anticoagulation therapy.

Of 360 patients tested for standard thrombophilia, 94% were screened for both LA and ACL antibodies and 3% for 'triple APA' including LA, ACL and anti-β2GPI antibodies. Of 30 patients with initial positive APA, only 8 (27%) were followed by repeat APA testing.

Of 189 thrombophilia-tested TIA cases, 10 (5%) were positive and 9 (5%) with APA. Four presented with amaurosis fugax, all of whom were APA-positive. Thrombophilia mutations and protein C, S or AT deficiency were rarely positive in this group (0.5%). The positive cases included two cardioembolic, four small vessel disease, one case with SLE and three cases with a cryptogenic aetiology at the time of initial work-up ([table 2](#T2){ref-type="table"}). The median ABCD2 score of positive cases was 4.5 (IQR 1--5).

###### 

Thrombophilia test-positive stroke and TIA

  ------------------------------------------------------------------------------------------------------------------------
  Characteristics                     All (n=50)   Positive APA\   FVL/PGM genotype protein C, S or AT deficiency (n=23)
                                                   (n=28)          
  ----------------------------------- ------------ --------------- -------------------------------------------------------
  Acute ischaemic stroke, n (%)       36 (72)      16 (32)         20 (40)

  Intracranial haemorrhage, n (%)     4 (8)        2 (4)           2 (4)

  Transient ischaemic attack, n (%)   10 (20)      9 (18)          1 (2)

  Amaurosis fugax, n (%)              4 (8)        4 (8)           0

   Non-ocular TIA, n (%)              6 (12)       5 (10)          1 (2)
  ------------------------------------------------------------------------------------------------------------------------

APA, antiphospholipid antibody; AT, antithrombin; FVL, factor V Leiden; PGM, prothrombin G20210A mutation; TIA, transient ischaemic attack.

The thrombophilia panel cost per patient ranged from £245.67 to £373.19 (online [supplementary table 1](#SP1){ref-type="supplementary-material"}). More than 94% of patients had thrombophilia test that included FVL, PGM, ACL, LA, protein C and AT functional assays, and free protein S quantification tests. Additional confirmatory tests included protein C and AT quantification, protein S functional assay and anti-β2GP1 antibody.

Discussion {#s4}
==========

There is no clear consensus on the age range of 'young adult stroke'; most studies of this age group include young adults from 15 to 50 years. We included patients with stroke and TIA of 60 years and under into the category of 'young adult stroke and TIA', and analysed 51--60 years and \<50 years age groups separately. This subgroup analysis showed an even distribution of positive thrombophilia testing among 51--60 and \<50 age groups. Young-onset stroke and TIA are more heterogeneous than for older patients, and typical aetiologies include both traditional cardiac and large vessel atheroma, as well as a higher prevalence of 'rarer' aetiologies including arteriopathies, inflammatory or otherwise, cardiomyopathy and prothrombotic states. Based on the TOAST classification of ischaemic stroke, 'stroke of other determined origin' is traditionally deemed correspondingly highest in the younger age group. This was also represented in our thrombophilia-screen positive AIS and TIA cohorts, with 61% of the diagnosis falling into 'stroke with other, determined or undetermined origin' category. Nine per cent of cases with cervical artery dissection were included into this category that likely resulted from trauma and were coincidentally positive to thrombophilia screen.

In practice, patients with young stroke and TIA undergo additional investigations, including complex thrombophilia screening, despite weak association with arterial thrombosis and hereditary thrombophilia. In our institution, prior to this study, complex thrombophilia screening was indicated for all patients with AIS and TIA younger than 50 independent of vascular risk factors profile. There was no selection bias. Similarly, in our cohort screened for thrombophilia, only 3.6% of the individuals were carriers of FVL or PMG. This association was even less for patients presenting with TIA (0.5%). Moreover, more than 60% of patients with stroke and TIA with low levels of AT, protein C and S also had concurrent acquired causes, such as anticoagulation, liver function derangement and infection. In addition, only a small proportion of those with low levels of AT, protein C and S were repeated, an important step in distinguishing genuine deficiency.

Compared with hereditary thrombophilia, antiphospholipid syndrome is a more established risk for arterial thrombosis.[@R8] Patients with triple positivity for LA, ACL and anti-β2GPI have been shown to be at the highest risk for arterial and venous thrombosis, and for obstetric complications.[@R32] However, only 3% of our thrombophilia-screened cohort had triple APA testing. There is evidence that persistent APA is associated with the highest incidence of thrombosis,[@R33] although only 27% of our positive initial APA cohort was followed up by confirmatory APA testing.

AT, protein C and protein S deficiencies are rare in the general population, with an estimated frequency of about 1:5000.[@R7] Similarly, FVL and PMG present in 5% and 1%--5.5% of the Caucasian population but are rare in other ethnic groups.[@R34] Although those hereditary thrombophilias increase the risk of venous thrombosis, their association with arterial ischaemic stroke and TIA is less well established.[@R5] More than 94% of patients with stroke and TIA in the thrombophilia-tested cohort had genotyping and protein C, S and AT tests, and similar to previous findings 13% of patients with ischaemic stroke and only 0.5% of patients with TIA were either carriers of FVL/PGM genotype or protein C-deficient, S-deficient or AT-deficient after exclusion of secondary causes of deficiency ([table 2](#T2){ref-type="table"}), indicating low-value hereditary thrombophilia screening especially in young TIA work-up. Consequently, based on the costing scheme outlined in online [supplementary table 1](#SP1){ref-type="supplementary-material"}, limited testing focusing on triple APS testing rather than full inherited thrombophilia panel only would potentially save £267.13 per patient. Those tested positive on initial testing for protein C, S or AT deficiency should be followed up by confirmatory testing. Low numbers of confirmatory testing may reflect the 'hub and spoke' model of hyperacute stroke care at regional centres in London, whereby initial positive testing at the regional centre may not have been effectively communicated to the stroke unit performing follow-up.

The standard thrombophilia panel could also be stratified by including multiple triple APA testing and excluding thrombophilia mutations screening. Based on our costs at the time of the study, this more focused testing would save £267.13 per patient.

Limitations of this study include its retrospective single-centre design. Attributable risks of thrombophilia screening and interaction between the other risk factors such as contraceptive pill use, migraine and smoking were not estimated. Statistical comparison between risk factors of thrombophilia-screened cohort and not-screened cohort was not assessed. However, our review is of real-life practice, highlighting that current thrombophilia testing should be particularised to patients with young stroke and TIA without conventional cardiovascular risk factors. Initial positive tests should be repeated to distinguish genuine thrombophilia from common false-positive conditions.
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